Summary. The incidence of end-stage renal disease was determined in the Pima Indians of the Gila River Indian Community in Arizona, a population with a high prevalence of Type 2 (non-insulin-dependent) diabetes mellitus. Between 1975 and 1986 , from a study population of 5059 subjects, end-stage renal disease occurred in 80 persons, 76 (95%) of whom had Type 2 diabetes. A review of the cases with end-stage renal disease indicated that among the diabetic subjects only two cases could be attributed to nondiabetic renal disease; all other cases were attributable to diabetic nephropathy. In diabetic Pima Indians the incidence rate of end-stage renal disease did not change during the study period, was similar in men and women, and was not effected by age at diagnosis of diabetes or by attained age, but did increase significantly with hypertension (p <0.05). The incidence of end-stage renal disease attributed to diabetic nephropathy increased from 0 cases/1000 person-years at 0-5 years to 40.8 cases/1000 person-years at > 20 years duration of diabetes. In these subjects with Type 2 diabetes, the incidence rate of end-stage renal disease was similar to that in subjects with Type 1 (insulin-dependent) diabetes who were followed at the Joslin Clinic in Boston, Massachusetts when those with similar duration of diabetes were compared.
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Diabetes is the leading cause of dialysis-treated endstage renal disease (ESRD) in persons aged years in the United States, accounting for nearly 25% of new cases [1] . Although ESRD is a well recognised complication of long-duration Type I (insulin-dependent) diabetes, about half of the ESRD associated with diabetes occurs in subjects with Type 2 (non-insulindependent) diabetes [2] . Only very limited data are available, however, on the incidence rate of ESRD among persons with Type 2 diabetes.
In the present study, the incidence rate of ESRD was determined in the Pima Indians of the Gila River Indian Community in Arizona, a population with the world's highest reported prevalence of Type 2 diabetes [3] . The effects of hypertension, age at diagnosis of diabetes, attained age, and duration of diabetes on the incidence of ESRD were evaluated; and the incidence of ESRD in Pima Indians was compared with previously published rates. In the Pima Indians, diabetic nephropathy is qualitatively indistinguishable, both clinically and pathologically, from the manifestations described in other populations [4] . Furthermore, among Pima Indians, clinical and anatomic evidence of chronic renal disease occurs in high frequency and predominantly in persons with diabetes [4, 5] .
Subjects and methods
The National Institutes of Health has conducted a longitudinal study of diabetes and its complications in the Gila River Indian Community of Arizona since 1965 [6] . This community is inhabited primarily by Pima and Papago Indians. Approximately every two years each resident of the community who is at least 5 years of age is asked to participate in a standardised medical examination, regardless of health.
These biennial examinations include a modified glucose tolerance test with determination of the glucose concentration in venous plasma drawn 2 h after the ingestion of a 75-g carbohydrate load (Glucola, Ames Company, Elkhart, Ind, USA; Dexcola, Custom Laboratories, Baltimore, Md, USA; or Koladex, Custom Laboratories, Baltimore, Md, USA). Diabetes is diagnosed according to World Health Organisation criteria [7] if the 2 h post-load plasma glucose concentration is at least 11.1 mmol/l. The date of diagnosis of diabetes is determined from these biennial examinations or from review of clinical records if diabetes is diagnosed in the course of routine medical care other than at biennial examinations. Systolic and diastolic blood pressures are measured at the first and fourth Korotkoff sounds, respectively, with the subject resting in the supine position. For the present study hypertension was arbitrarily defined by a systolic blood pressure > 160 mm Hg or a diastolic blood pressure >_ 95 mm Hg.
The study population of 5059 subjects at risk for ESRD consisted of all persons five years of age or older who lived in the Gila River Indian Community at any time between January 1, 1975 and June 30, 1986, whose heritage was at least 50% Pima, Papago, or a mixture 
Note: Of the 4309 nondiabetic subjects at entry, 387 were subsequently diagnosed as having diabetes during the followup period Subjects developing ESRD were ascertained from the following sources: (1) A register of patients undergoing chronic renal dialysis, maintained by the Public Health Nursing Office in the Gila River Indian Community. (2)Patient registers for all dialysis centers in Phoenix and surrounding communities, as well as the Network 6 ESRD registry, which maintains information on all persons reported as initiating chronic dialysis in Arizona, New Mexico, and portions of southern Utah. These registers were searched for names of Indian subjects living in the Gila River Indian Community. All registers were reviewed by two of the authors to ensure that every subject living in the community who received dialysis was identified and that persons living outside the community were excluded. (3)Medical records of all members of the population who died during the study period. These records were compiled from review of available clinical data and encompassed all deaths since January 1, 1975, the starting point of this investigation. This review included clinical records of the Public Health Service Indian Hospital at Sacaton, Arizona, which provides primary care for this population and maintains records on all patient referrals outside the community; of the Phoenix Indian Medical Center, the principal referral hospital; and of any other hospital that provided care to a subject during the period immediately preceding death. In addition, death certificates, autopsy findings, and medical examiners' reports were reviewed. These data were used to identify subjects with ESRD who did not receive dialysis. The diagnosis of ESRD in these persons was based on clinical evidence of severe progressive azotaemia (including serum creatinine >442 .umol/l). Because it was assumed that subjects with ESRD did not survive without receiving dialysis or renal transplants, no attempt was made to identify persons with renal failure who were still alive and not receiving renal replacement therapy.
The onset of ESRD was defined as the date of beginning chronic dialysis or, for azotaemic subjects not receiving dialysis, the date of death from chronic renal disease. All subjects who had renal transplants began dialysis prior to transplantation, and for them the start of dialysis was used as the date of onset of ESRD.
In each subject with ESRD, the clinical record from the Sacaton Hospital was reviewed to determine the cause of renal failure. Information regarding past disease history, the presence or absence of haematuria, proteinuria, hypertension, recurrent kidney infections, and urinary tract obstruction was abstracted from these records. This information was based on usual clinical practice rather than on testing as part of a standardised protocol and was therefore of variable completeness. ESRD was attributed to diabetic nephropathy if the subject had diabetes and chronic persistent proteinuria without other demonstrable causes of renal disease (e. g., evidence of renal disease prior to onset of diabetes, or renal impairment from drugs, obstruction, infection, or other acquired or congenital disease). Additionally, autopsy findings were available for seven subjects, and kidney biopsy findings were available for one subject. All seven autopsies were performed on diabetic subjects, and all had histologic findings consistent with diabetic nephropathy. The kidney biopsy, performed on a young nondiabetic woman, showed chronic membranoproliferative glomerulonephritis.
Statistical analysis
Incidence was expressed as the number of new cases of ESRD per 1000 person-years of observation for subjects within the community. The numerator was the number of new cases of ESRD between January 1, 1975 and June 30, 1986 , and the denominator was the number of person-years at risk for ESRD. Person-time was accumulated only while subjects lived within the community. The period of risk began on either January 1, 1975 or the date of the subject's first biennial examination, whichever was later; it extended to the date of ESRD onset, death, emigration from the community, or close of the study (June 30, 1986), whichever was earlier. Subjects who developed diabetes during the study period accumulated person-time in the nondiabetic stratum before, and in the diabetic stratum after, the date of diagnosis of diabetes. Likewise, as subjects changed from one age, diabetes duration, or hypertension stratum to another during the course of the study, their person-time within each category accumulated during the corresponding time periods.
Cumulative incidence, which was estimated from the incidence rates observed during the study period, represents the percent of subjects who would have ESRD at the end of each specified period of diabetes duration if the duration-specific incidence rates were constant during these intervals and all subjects survived until the end of each period [8] .
Incidence-rate ratios were used to assess the effect of dichotomous variables on the incidence of ESRD. These ratios and their confidence intervals were computed by a modification of the Mantel and Haenszel procedure [9] proposed by Rothman and Boice [10] . The effect of continuous variables was evaluated with a ;~2 test by grouping the values of the variables and assessing average partial association in three-way contingency tables under the multiple hypergeometric model while controlling for the effects of a set of covariables [11] . This procedure was modified for person-time [10] . These analyses were restricted to subjects at least 35 years of age, as no cases of ESRD occurred in subjects below this age.
Results
During the study period, 5059 subjects five years of age or older were at risk for developing ESRD. Of these, 750 had diabetes at the beginning of the study and an additional 387 were diagnosed during the study period. The mean age at diagnosis of diabetes for this population was 43 years (range 10 to 82 years). Clinical data on the age, diabetes status, and diabetes duration of all subjects at the beginning of followup are presented in Table 1 . Eighty persons (36 men, 44 women) developed ESRD. Incidence rates of ESRD in the diabetic and nondiabetic subjects are presented in Table 2 . The incidence rate of ESRD in diabetic subjects was 62-fold (95% confidence interval, 20 to 188, controlled for age and sex) the rate in those without diabetes. Of the 76 diabetic subjects with ESRD, 47 (21 men, 26 women) received dialysis and 29 (12 men, 17 women) died without receiving dialysis. Two of the diabetic men also received renal transplants. Among the diabetic subjects, ESRD was attributed to diabetic nephropathy in all but two, in whom chronic urinary tract obstruction led to ESRD. Only four subjects with ESRD (3 men, 1 woman) did not have diabetes. Three had glomerulonephritis, and one with benign prostatic hypertrophy had recur- a Cases per 1000 person-years at risk; b Neither case in this diabetes duration category was due to diabetic nephropathy; both were due to obstructive uropathy rent urinary tract infections and obstructive uropathy. Three of these four subjects underwent dialysis, and two subsequently had renal transplants; one died without receiving either dialysis or renal transplant. Age-sex-specific incidence rates of ESRD in diabetic subjects are presented in Table 3 . Incidence rates in men and women were not significantly different when controlled for age and duration of diabetes, with a male to female rate ratio of 1.4 (95% confidence interval, 0.9 to 2.3). No cases of ESRD occurred in subjects less than 35 years of age. The incidence of ESRD rose with increasing age until ages 55-64 years in men and 65-74 years in women. Attained age, however, was not a significant risk factor for ESRD when controlled for sex and duration of diabetes (Z2=7.8, df=4, p =0.1). Likewise, age at diagnosis of diabetes was not a significant risk factor for development of Fig. 3 . Comparison of cumulative incidence (percent) of endstage renal disease attributed to diabetic nephropathy in Pima Indians with Type 2 (noninsulin-dependent) diabetes (A) and in subjects with Type 1 (insulin-dependent) diabetes (O) followed at the Joslin Clinic, Boston, Massachusetts, USA [12] ESRD (Z 2 = 4.0, df= 3, p = 0.3) when controlled for sex and diabetes duration. The incidence of ESRD in diabetic subjects according to age at diagnosis of diabetes and sex is presented in Table 4 .
Diabetes duration was significantly associated with the incidence rate of ESRD (Z2=89.9, df=4, p < 0.001, controlled for age and sex). The incidence of ESRD by duration of diabetes is presented in Table 5 . No cases of ESRD due to diabetic nephropathy occurred in subjects with diabetes of less than 10 years duration. The cumulative incidence of ESRD attributed to diabetic nephropathy as a function of diabetes duration, by age at onset of diabetes, is shown in Figure 1 .
The presence of hypertension (systolic blood pressure >_ 160 mm Hg or diastolic blood pressure _>95 mmHg) was significantly associated with a higher incidence of ESRD. The rate of ESRD in subjects with hypertension was 3.8-fold (95% confidence interval, 2.5 to 5.8) that in normotensive subjects when controlled for age, sex, and duration of diabetes.
The numbers of new cases of ESRD among diabetic Pima Indians for each year of the study through t985 are shown in Figure 2 . Five additional dialysis-treated cases were identified in the first six months of 1986. The proportion of subjects with ESRD who did not receive dialysis was higher in the first half of the study. The incidence rate of dialysistreated renal disease increased significantly during the study period (X 2 = 6.7, df=2, p = 0.04, controlled for age, sex, and duration of diabetes). When persons with ESRD who died without receiving dialysis were included, however, no significant change in the incidence rate over the study period was noted (X2= 1.1, df= 2, p = 0.6, controlled for age, sex, and duration of diabetes).
The incidence rate of ESRD attributed to diabetic nephropathy in Pima Indians with Type 2 diabetes of up to 20 years duration was compared with a previously reported rate for subjects from the Joslin Clinic (Boston, Massachusetts, USA) with Type 1 diabetes of similar duration [12] . When controlled for the duration of diabetes, the incidence of ESRD in subjects with Type 2 and in those with Type 1 diabetes was similar [incidence rate ratio = 1.6 (95% confidence interval, 0.9 to 2.8)]. Duration-specific cumulative incidence rates of ESRD among Type I and Type 2 diabetic subjects are shown in Figure 3 .
Discussion
The vast majority (95%) of ESRD in Pima Indians occurred in diabetic subjects, and among these 97% appeared to be attributable to diabetic nephropathy. Although the diagnosis was based largely on clinical evidence in this study, previous detailed postmortem histologic examination of the kidneys in 43 diabetic and 62 nondiabetic Pima Indians showed that intercapillary glomerulosclerosis was the predominant form of renal disease among diabetic Pima Indians [4] . Thus, renal disease and ESRD in diabetic Pima Indians are primarily due to diabetic nephropathy. Incidence rates of ESRD not due to diabetic nephropathy were similar for diabetic and nondiabetic Pima Indians in the present study.
The proportion of cases of ESRD attributed to diabetic nephropathy in Pima Indians is far greater than the 25% estimated for the general United States population [1] . This disparity is probably due to the much higher prevalence of diabetes in the Pima population. The age-sex-adjusted prevalence of Type 2 diabetes in the Pima Indians is 13-fold that of the primarily Caucasian population of Rochester, Minnesota, USA [3] . Greater frequencies of dialysis-treated ESRD and higher proportions of ESRD attributed to diabetic nephropathy are also found in other minority groups, including Blacks and Hispanics [1, 13, 14] , who have greater prevalences of diabetes than the general United States population [15] [16] [17] [18] . By contrast, although the Zuni Indians of New Mexico have higher rates of ESRD than the general United States population [19] , they have a much higher proportion of chronic glomerulonephritis (40% of ESRD) and a much lower proportion of diabetic nephropathy (24% of ESRD) than the Pima Indians [20] .
Use of dialysis for diabetes-related ESRD has increased during the past decade. This increase has occurred not only in the Pima Indians, but also in the United States in general and in the United Kingdom [1, 21] . Much of the reported increase in the number of diabetic subjects who have dialysis-treated renal disease is probably due to the changing criteria for initiation of dialysis rather than to an increasing incidence of end-stage disease. Diabetic Pima Indians show no significant change in the incidence rate of all ESRD during the study period, despite an increase in the incidence of dialysis-treated renal disease.
Hypertension (systolic blood pressure >_ 160 mmHg or diastolic blood pressure > 95 mm Hg) was a risk factor for ESRD in the present study. Hypertension has been shown to be a risk factor for nephropathy in Type I diabetes [22] [23] [24] [25] [26] but a recent longitudinal study from the Mayo clinic [27] did not find an association between hypertension at the time of diagnosis of diabetes and the subsequent development of proteinuria in subjects with Type 2 diabetes. An assessment of the relationship between hypertension and diabetic renal disease, however, is difficult as hypertension can cause proteinuria and renal insufficiency and can also be a consequence of progressive diabetic renal disease. Thus the present findings do not indicate whether hypertension contributed to or resulted from the diabetic nephropathy. In a recent study of Pima Indians, however, blood pressure before the onset of diabetes predicted abnormal albumin excretion after the onset of diabetes, suggesting that the higher blood pressure seen in diabetic nephropathy is not entirely the result of the renal disease but may precede and contribute to it [28] .
In diabetic Pima Indians, neither age at diagnosis of diabetes nor attained age had significant effects on the incidence of ESRD when controlled for duration of diabetes. Likewise, no significant difference in ESRD rates was observed between men and women. Diabetes duration, however, was a highly significant predictor of ESRD. The cumulative incidence of this complication was 15% at 20 years duration of diabetes (Fig.3) .
Published estimates of the incidence rates of ESRD in the United States Medicare population and among diabetic persons in Nebraska, USA [1, 2, 29] are based on data for subjects beginning dialysis. These studies underestimate the actual rate of ESRD because they do not include persons dying with renal disease without receiving dialysis. Additionally, studies that determine incidence rates of ESRD in the United States population, based on Medicare data [1, 29] , underestimate the actual incidence rate because about 7% of persons with dialysis-treated renal disease are not covered by Medicare [1] . For comparisons with these reports, rates in Pima Indians with dialysis-treated renal disease were used.
The incidence rate of dialysis-treated renal disease due to all causes in Pima Indians (1860 cases/million person-years; 95% confidence interval, 1320 to 2390, age-sex-adjusted to the 1980 United States Census population) was 23-fold as high as the rate of 82 new cases per million person-years reported by Eggers et al. [1l in the 1980 United States population covered by Medicare. This comparison does not account for differences between the two populations in prevalence or duration of diabetes.
The annual incidence rate of ESRD among known diabetic persons in the United States population has been estimated by using Medicare data in persons for whom the cause of ESRD was reported (about half the cases) and extrapolating to data on the prevalence of diagnosed diabetes in the United States population [29] . Differentiation between persons with Type 1 and Type 2 diabetes was not possible, and the duration of diabetes was unknown. Incidence rates of ESRD in the diabetic Pima Indiians, however, were 14-fold as high as the estimates for the United States diabetic population aged 45-64 years and 10-fold as high as in those aged 65 years and older. The higher incidence of ESRD for diabetic Pima Indians in these two age groups may be due to a greater proportion of subjects with long-duration diabetes as a result of an earlier age of onset. By contrast, in the 15-44 year-old age group, the rate of ESRD in diabetic Pima Indians was only 1.2-fold the rate in the United States diabetic population, in whom a greater proportion of long-duration diabetes may exist, primarily as the result of the usually early age of onset of Type I diabetes. Type 1 diabetes does not occur in the Pima Indians [30] . Absence of data on the incidence of ESRD in the United States by duration of diabetes and the fact that only about half of the ESRD cases in the United States population have a stated cause limit interpretation of these apparent differences.
To our knowledge, only one study has compared the incidence rate of ESRD by type of diabetes [2] . In that study of Nebraska residents, the incidence of ESRD (per 100,000 person-years) was 411 for persons with Type 1 diabetes, and 26 for persons with Type 2 diabetes, age-adjusted to the 1980 known-diabetic population of the state. Although these findings suggest that the incidence rate of ESRD in Nebraska is substantially less in persons with Type 2 diabetes, incidence could not be analysed as a function of duration of diabetes. The persons with Type 2 diabetes and ESRD had a mean age of 62 years, and on average they were 23 years older and had diabetes for six years less than those with Type 1 diabetes. As a consequence, persons with Type 2 diabetes had greater competing risks of death and were less likely to survive long enough to have diabetes of sufficient duration for nephropathy to develop. If the Nebraska study could be controlled for duration of diabetes, the disparity between the rate of ESRD for subjects with Type 1 and those with Type 2 diabetes would be expected to diminish and might even disappear.
Supporting this postulate is the fact that, in the present study, after controlling for duration of diabetes, the cumulative incidence of ESRD attributed to diabetic nephropathy in Pima Indians with diabetes of up to 20 years duration was at least as great as that of the Joslin Clinic population (Fig. 3) . This finding emphasizes the need for including diabetes duration in comparisons of the risk of ESRD between persons with Type i and Type 2 diabetes. Although genetic and environmental differences exist between Pima Indians and persons at the Joslin Clinic or those in Nebraska, the contribution of duration of diabetes to the development of diabetic renal disease is clearly of great importance.
In conclusion, the duration of diabetes was a significant risk factor for ESRD in diabetic Pima Indians. Additionally, hypertension was predictive of ESRD in this population. The rate of ESRD was similar in men and women, was not affected by age at diagnosis of diabetes or by attained age, and did not change significantly between 1975 and 1986. The finding that the incidence rate (controlled for duration) of ESRD attributed to diabetic nephropathy in Type 2 diabetic Pima Indians was similar to that in persons with Type 1 diabetes has important implications. These observations suggest that renal failure may result from long-duration Type 2 diabetes as frequently as from Type 1 diabetes. Improved survival of persons with Type 2 diabetes, an increasing incidence of this disease, and a relatively early age of onset in many populations could lead to a dramatic increase in the incidence of end-stage renal disease in the future.
